This is a review of exposure conditions, clinical presentation, and morbidity of children and adults with indoor fungal exposure such as toxic Stachybotrys chartarum. Indoor exposure was characterized using different methods including microscopic, culture, cytotoxicity screening tests, and chemical analyses. Clinical case histories and physical and laboratory findings are presented of children (age < 18 years, n = 22; mean age 9 years; 60% females) and adults (age > 18 years, n = 125; mean age 39 years, 67% females) who consulted an environmental health specialty clinic. In the pediatric patients' exposure history, widespread fungal contamination of water-damaged building materials with known toxic or allergic fungi was identified. Primarily disorders of the respiratory system, skin, mucous membranes, and central nervous system were reported. Some enumeration and functional laboratory abnormalities, mainly of the lymphatic blood cells, were observed, although no statistically significant differences were found. IgE or lgG fungi-specific antibodies, used as exposure markers, were positive in less than 25% of all tested cases. In an evaluation of a symptomatic girl 11 years of age (sentinel case investigation) living in an apartment with verified toxigenic fungi (i.e., S. chartarum), several health indicators showed improvement after exposure cessation.
Indoor exposure to fungi such as toxinproducing Stachybotrys chartarum (aka Stachybotrys atra) growing on wet building materials is gaining recognition as an important but challenging environmental risk factor for a variety of illnesses with public health implications (1, 2) . S. chartarum has been associated with serious adverse health effects in animals and humans and has in the past been found primarily in agricultural environments (3) . High exposure levels of airborne pathogenic fungi in the work environment have been reported among farmers, woodworkers, and composting waste workers but may also be found among hospital and office workers or occupants of homes with significant water damage or with defective ventilation systems (4) (5) (6) (7) . In recent medical/epidemiologic investigations, an association has been described between high exposure to S. chartarum and toxic inflammatory effects in infants (8) (9) (10) , in office workers handling moldy paper materials and breathing fungal-contaminated air (11, 12) , and in courthouse workers (13) . These effects are thought to be related to toxic metabolites (mycotoxins) produced by certain fungi such as those in the genera Stachybotrys, Aspergillus versicolor, Penicillium, Trichoderma, and Fusarium. S. chartarum appears clinically important because it produces biologically very potent mycotoxins such as trichothecenes (i.e., satratoxins) and spirolactons that interfere with protein synthesis on the DNA level and the cellular or humoral immune system in in vitro systems (14, 15) . The production of mycotoxins depends on environmental conditions and substrates and is not evident by macroscopic growth characteristics (16, 17) .
This study describes the health problems of a group of selected children who consulted an environmental health specialty clinic and compares those findings to those for adults with similar fungal exposure history. Further, the results of a sentinel case investigation are presented as an example of a positive health intervention outcome (secondary prevention).
Methods Study Group Selecton and Descrption
This is a descriptive study of patients evaluated in an ambulatory occupational and environmental health clinic, including self-and physician-referred patients primarily from the northeastern United States. A sample of patients less than 18 years of age was selected as a pediatric sample because at that age completion of major organs and lymphoid maturity are achieved. The pediatric sample (age < 18 years, n = 22; mean age 9 years; 60% females) and a sample of adult patients (age > 18 years, n = 125; mean age 39 years, 67% females) were included if they had a verifiable history of indoor exposure to fungal air contaminants and if they had completed a standardized health symptom questionnaire. Fungal exposure was considered positive if industrial hygiene survey information and data confirmed the presence of fungi and significant moisture problems (leaks, flooding, condensation, etc.). In addition, for comparison, descriptive data from an earlier study are presented that included well-documented exposure and that used the same core questionnaire. The earlier study included a nonexposed adult population with similar demographics as a control group (11 Although this condition is associated with disorders similar to or identical with the studied fungal outcomes, this case was chosen nonetheless because the history of symptoms given by the mother suggested that environmental factors strongly influenced the girl's health. Other family members were also included in the case study, as they also reported variation of their health status dependent upon environmental changes. A suitable case control was not available and such a study was not feasible at the time of this investigation. However, the adult occupant of the apartment that was used as a control in the environmental assessment was asymptomatic and free of any atopic diseases.
We investigated the environmental conditions inside the apartment and compared them to outside conditions and a reference apartment inside the same building that did not have visible evidence of moisture and fungal problems (healthy adult occupant). In addition to the index case, the brother (subject B; 21 years of age) and the mother (subject C; 50 years of age) were studied because they reported symptoms, although less severe. Subject A (who had lived since birth in the apartment) and subject C spent most of a typical day inside, whereas subject B was only in the apartment during the night. The family was removed from the contaminated apartment and retested after a period of 8 weeks (pulmonary function and T-lymphocyte flow cytometry) and again after 4 months (lymphocyte flow cytometry). There were never any pets in the apartment. The apartment building had a known history of cockroach and rat infestation. 
Funl Eiposure Sampng

Toxicity Screemning
The MTT cytotoxicity screening test is particularly sensitive to S. chartarum toxins (i.e., Satratoxin). The MTT cell culture assay and a swine kidney target cell line were used as a direct method. Bulk samples were tested directly in the toxicity tests for presence of mycotoxins (19, 20 by about half the adults (54%). The rate of preexisting and diagnosed allergy in patients was less than 20% and lower than in the comparison groups. The higher prevalence of symptoms among patients and exposed office workers relative to nonexposed controls was not likely due to group differences in age, gender, or smoking, as groups were similar on these potential confounders (except, of course, for the younger ages of children).
Five percent of the children had any evidence of specific IgE antibodies to tested fungal allergens (except S. atra), 9% had an IgE reaction (borderline values), and none had an elevated IgG (> 40 mcg/mL) to S. atra. None of these children had a specific antibody reaction to cockroaches. Complete lymphocyte and other immunoglobulin analysis were (Table 3) appeared to show some minimal improvement in some parameters. The index case had a PWM and CON mitogen response abnormality during the exposure period (data not shown). The results of the T-lymphocyte function (mitogen proliferation) tests performed 16 weeks after removal were normal in all subjects. These results and the lack of clinically significant viral or bacterial infections after removal from exposure indicate only a minor remaining immunodeficiency, which could be explained by the known preexisting genetic abnormality.
Inside the apartment, approximately 70-100 m2 of surface area (walls, ceilings, around the window air conditioning unit, the doors, and window frames) were covered with a blackish-colored growth. Airborne fungal counts (viable and nonviable) were significantly higher x) than the outside or the control apartment used as a reference ( (25, 26) . 
Discussion
The symptom survey of children evaluated in our specialty clinic indicates a high rate of morbidity related primarily to the upper airways, skin and mucous membranes and, to a lesser degree, lower airways. In all cases we confirmed that these children had all been living in indoor environments with high levels of fungi, often species not normally found indoors or in such concentrations compared to the outside air (i.e., S. chartarum, A. versicolor, Trichoderma). Our results are in agreement with a number of previous studies. A recent review of the literature investigating the association of wheeze and cough and damp or mold found that the adjusted odds ratio for an increased risk of children was generally in the range of 1.5-3.5 (22) . The high rate (about twothirds) of central nervous system problems among children from moldy homes suggests a complex exposure-associated morbidity reaction with a pathologic pathway that cannot readily be explained by atopy or allergy (IgE-mediated). The health complaints summarized by organ system were similar for children compared to adults, although the absolute percentage rate of complaints was slightly lower for children. The rate of reported symptoms was higher than that of a nonexposed adult control group in almost all categories except for a previous diagnosed history of allergy. None of the queried children had evidence of an allergy to cockroaches, which has been described as an important predictor of environmental-associated asthma (21) . On the basis of our assessment of the clinical cases, morbidity related in time and place to indoor fungal exposure appears to be widespread in environments with a history of flooding, water leaks, moisture problems, and ventilation defects that resulted in intense fungal growth on interior building materials or furniture.
Differences were not analyzed for statistical significance because of methodological issues and limitations such as small sample size and different time and location of measurements. The response variations and group differences may be due to selection bias, biologic differences, or survey limitations (e.g., children were less used to questionnaire formats, were unfamiliar with interview techniques, or were assisted by parents).
Only 2 children and 13 adults had positive (abnormal) laboratory findings for the presence of IgE-and IgG-specific fungal antigens. In this small sample, neither the presence of positive antigen findings nor a fungal exposure history showed a statistically significant association with symptoms. The small number of subjects with abnormal laboratory findings (only 5 children had undergone complete lymphocyte testing) did In the case example investigation, a key factor was the reported history of variability of health complications depending on the indoor environment, i.e., the dramatic health improvement away from the fungal exposure inside the apartment. We presented this case example because it appears to demonstrate that such fungal exposure can significantly aggravate and complicate pre-existing immunological disease. The exposure was not only affecting the index case but also the brother and mother who shared the apartment with her but had no history of genetic abnormalities. Inside the apartment we identified very high levels of fungi indoors, with a predominance of Cladosporium and toxigenic S. chartarum. The presence of airborne S. chartarum in indoor environments is considered by experts to be highly uncommon in normal buildings and unacceptable from a public health perspective. The MTT cytotoxicity tests showed that all samples taken from the girl's home environment had toxic metabolites (such as trichothecene) in the fungal materials. The fungal mass (spores) would have become airborne when disturbed.
Blood lymphocyte changes effecting the T-lymphocyte differentiation and subpopulation proportion were measured as in previous studies (11, 23) . Changes of the T-lymphocyte population were demonstrated in in vitro and in vivo studies but remain difficult to interpret on an epidemiological level because of only very small differences and variations in observed trends. In It is our clinical experience that symptoms associated with mold exposure tend to resolve with exposure avoidance and symptomatic treatment. In some individuals, symptoms may last several weeks to months after exposure control and in some rare cases may not be reversible at all. A highly increased sensitivity with recurrent fungal exposure has been noted by some individuals. These variations in the postexposure periods may be related to differences in the exposure duration, intensity, and particular conditions (different fungal species), the biologic differences of the immune reaction of exposed individuals, and the type of medical intervention or treatment.
Children with preexisting, significant immunological weaknesses and defects are at increased risk and should be protected from unnecessary fungal exposure. Longterm benefits of such intervention (secondary prevention) and related health indicators should be studied mnore systematically. Fungal exposure in indoor environments should be included in future environmental respiratory and-immunologic disease studies, in addition to already known indoor pollutants. It is necessary for the physician examining a child with complex respiratory problems, allergy, nervous system disorders, and perhaps other organ system problems, to inquire about problems in the home such as chronic water leaks, extensive interior condensation, flooding, and especially visible fungal growth on interior building materials. In many cases, effective fungal exposure control and avoidance may be all that is needed to achieve a significant improvement in the child's health.
